It is recognised that eating habits established in early childhood may track into adult life. Developing effective interventions to promote healthier patterns of eating throughout the life course requires a greater understanding of the diets of young children and the factors that influence early dietary patterns. In a longitudinal UK cohort study, we assessed the diets of 1640 children at age 3 years using an interviewer-administered FFQ and examined the influence of maternal and family factors on the quality of the children's diets. To describe dietary quality, we used a principal components analysis-defined pattern of foods that is consistent with healthy eating recommendations. This was termed a 'prudent' diet pattern and was characterised by high intakes of fruit, vegetables and wholemeal bread, but by low intakes of white bread, confectionery, chips and roast potatoes. The key influence on the quality of the children's diets was the quality of their mother's diets; alone it accounted for almost a third of the variance in child's dietary quality. Mothers who had better-quality diets, which complied with dietary recommendations, were more likely to have children with comparable diets. This relationship remained strong even after adjustment for all other factors considered, including maternal educational attainment, BMI and smoking, and the child's birth order and the time spent watching television. Our data provide strong evidence of shared family patterns of diet and suggest that interventions to improve the quality of young women's diets could be effective in improving the quality of their children's diets.
A growing body of evidence that links early experience with later health has focused attention on the importance of adequate nutrition in infancy and childhood (1 -3) . Health behaviours established in early life tend to 'track' from childhood to adult life (4, 5) and the stability of eating behaviours throughout childhood suggests that the ways in which children interact with their food environments may persist over time (6) . Interventions to promote healthy diets in early life may therefore have the potential to influence patterns of eating throughout the life course.
To develop effective interventions to improve children's diets, there is a need to understand more about the diets of young children and the factors that influence their eating patterns. Contemporary dietary data for young children in the UK are limited and relatively little is known about present variations in their dietary habits. More is known about variability in the quality of adult diets, which has been described in a number of studies. Poorer diets are more common in younger adults, those of lower educational attainment, smokers, those who watch more television (TV)/d, who have a lower income and who share their home with more children (7 -9) . Analysis of British dietary data suggests that there are common influences on children's diets (10, 11) . For example, children aged 1·5 to 4·5 years of age, who were studied between 1992 and 1993 as part of the National Diet and Nutrition Survey, were less likely to consume fruit and salad vegetables if they were from manual social classes and less advantaged households (11, 12) . This is consistent with the findings from the Avon Longitudinal Study of Pregnancy and Childhood, which found poorer diets to be more common in 3-year-old children whose mothers reported a higher degree of financial difficulty and were of a lower educational attainment (10) .
We have previously described substantial variations in infant feeding practice among infants aged 6 and 12 months in a large UK mother-offspring cohort, the Southampton Women's Survey (SWS) (13) . A key finding was that the most important predictor of infant's diets and their compliance with feeding guidance was the quality of their mother's diets. In the present study, we present the dietary data of the SWS children at the age of 3 years. We examine variations in dietary quality and we assess how this is influenced by a wide range of maternal and child characteristics, including the quality of the mother's diet.
Methods

The Southampton Women's Survey
The SWS is a large prospective cohort study that was started in 1998 (14) . A total of 12 583 non-pregnant women aged 20 -34 years were recruited to the study. On enrolment, detailed information on diet and socio-demographic factors was collected. Children born to SWS women are followed up at home by trained research nurses at the ages of 6 and 12 months (13) , and at 2 and 3 years and beyond. The SWS was approved by the Southampton and South West Hampshire Local Research Ethics Committee.
There were 1981 singleton live births to women in the SWS up to the end of 2003. After exclusion of infants with major congenital abnormalities (n 2) and neonatal deaths (n 6), there were 1973 SWS infants for postnatal follow-up. Data presented here are for 1640 (83 %) children, who were visited at 3 years of age by trained research nurses.
Dietary assessment
At the 3-year visit, the child's diet over the preceding 3 months, and information on eating behaviour, physical activity and illnesses was recorded at interview. For 1631 (99·5 %) children, the interview was conducted with the child's mother. Diet was assessed using an FFQ that was administered by trained research nurses. This FFQ was developed for use in the SWS using a variety of sources of dietary information. The list of foods and beverages to be included was compiled from a review of dietary intake data collected from a nationally representative sample of children aged 3 years between 1992 and 1993 (12) , the SWS infants (13) and adults (15) , and 3-yearolds in the Avon Longitudinal Study of Pregnancy and Childhood (10) . Final amendments were made to the FFQ at the piloting stage of the present study. The FFQ asked about the average frequency of consumption of eighty food and beverage items in the preceding 3 months with eleven options that were (i) never, (ii) less than once/ month, (iii) 1-3 times/month, (iv -x) 1-7 times/week or (xi) more than once/d. If a food was consumed more than once a day, the number of times/d was recorded. At interview, prompt cards were used to show examples of the foods included in each food group and to help standardise the responses to the FFQ. Portion sizes were recorded; for bread, this was the number of slices, and for potatoes, the number of egg-sized potatoes consumed. At the end of the FFQ, additional information was collected relating to milk consumption and sugar added to food and/ or drinks each day. This included information on the type and quantity of milk consumed and the number of teaspoons of sugar added to the child's food and drinks. Frequencies of consumption and amounts of foods not listed in the FFQ were also recorded if they were consumed once a week or more.
Dietary patterns of mothers and children
Dietary patterns of the children at the age of 3 years were defined using principal components analysis (PCA) (16) , a multivariate statistical technique that objectively determines the axis along which diet varies the most. Before the PCA, the eighty foods listed on the 3-year FFQ were grouped into forty-four groups based on the similarity of food type and nutrient composition (for example, chocolate, sweets and ice lollies were included in the 'confectionery' group; carrots, parsnips, swede and turnips were included in the 'root vegetables' group). Milks (full fat and reduced fat) and sugar (added to food and drinks) were put into three extra groups to give a total of fortyseven groups. Most additional foods recorded at the end of the FFQ were assigned to these forty-seven groups. The remaining foods did not fit into these groups and four further groups (baby foods, fruit purées, cream and Yorkshire pudding and savoury pancakes) were created for these. This gave a total of fifty-one groups to be entered into the 3-year PCA.
PCA was performed on the reported weekly frequencies of consumption of forty-four of the fifty-one food groups, and the reported weekly amounts consumed per serving of the remaining seven food groups (boiled potatoes, chips and roast potatoes, white bread, brown bread, sugar, reduced-fat milk and full-fat milk). It was based on the correlation matrix in order to adjust for unequal variances of the original variables. The first component from the PCA explained 7·5 % of the variance in the fifty-one food groups and yielded a dietary pattern that was characterised by high intakes of fruit and vegetables, but by low intakes of white bread and crisps. This pattern was termed a 'prudent' diet pattern, as it represented a diet consistent with healthy eating recommendations and was similar to the 'prudent' pattern that we have previously described in the SWS women (9) . The second and third components identified from the PCA were more difficult to interpret and explained less of the variance in the fifty-one food groups (4·6 and 3·7 %, respectively) (17) . The second component was characterised by a high frequency of consumption of foods that resemble a more 'traditional' pattern of eating, including red meat, puddings and green vegetables.
The third component was characterised by a high frequency of consumption of vegetable dishes and vegetarian foods, quiche and pizza and beans and pulses (17) . In the present paper, we considered only the prudent diet pattern, as it was the most meaningful and interpretable pattern of foods, and it provided an index of the quality of the child's diet.
For each child, a prudent diet score was calculated based on the reported frequency of consumption of the fifty-one food groups and the fifty-one coefficients produced by PCA for the first component. The scores were then standardised to have zero mean and unit variance using Fisher -Yates normal scores (18) . High prudent diet scores represent frequent consumption of foods with positive coefficients and less frequent consumption of foods with negative coefficients, and indicate diets that more closely conform to healthy eating recommendations. The prudent diet score was used as a continuous variable to indicate compliance with the prudent diet pattern.
We have previously described the dietary patterns of the women in the SWS (19) . Before pregnancy, on enrolment to the study, diet was assessed using an FFQ (15) (median interval between dietary assessment and the birth of the child was 20·8 (interquartile range 13·9-30·2) months). Using PCA, we identified the key dietary pattern as a 'prudent' pattern that was characterised by high intakes of fruit, vegetables, wholemeal bread, rice and pasta, but by low intakes of chips and roast potatoes, sugar and red and processed meat. A prudent diet score, indicating compliance with the prudent pattern, was available for each mother.
Maternal and 3-year-old offspring data
On enrolment to the study, we recorded the mother's age, educational attainment, number of children, ethnicity and whether she lived with a partner or not. Educational attainment was defined in six groups according to the women's highest academic qualification: none, General Certificate of Secondary Education grade D or below, General Certificate of Secondary Education grade C or above, Advanced Level or equivalent, Higher National Diploma or equivalent and degree. Examinations for General Certificate of Secondary Education are usually taken at the age of 16 years, Advanced Levels at 18 years, and Higher National Diploma and degrees thereafter. Birth order was defined in four groups using the number of children: 0 (first born), 1 (second born), 2 (third born) and 3 or more (fourth or later born). A deprivation score was also calculated for the address at which each woman lived (Index of Multiple Deprivation 2004) (20) . When the child was 6 months of age, data were collected on maternal smoking status and maternal BMI was measured. Social class of the mother was defined in six groups according to the woman's employment when the child was 2 years of age (21) . At 3 years of age, the child's BMI was measured and the time spent watching TV/d was recorded. The parents were asked to indicate the number of times in a day the child ate (including meals, snacks, biscuits with drinks, etc) and to assess their nibbling behaviour. Nibbling behaviour was categorised into four groups: nibbles during the day, rarely eats meals; nibbles during the day but also has meals; nibbles on some days but also has meals; doesn't nibble much, just has meals. The short form of the Household Food Security Scale was included in the questionnaire and consisted of six questions that were used to determine a score for classifying the food security of households (22) . These six questions asked about the perceived affordability of food in the household; for example, whether the respondents ever ate less than they wished because there was not enough money to buy food.
Statistical analysis
Data were analysed using Stata version 10.0 (StataCorp LP, College Station, TX, USA). We investigated the associations between the 3-year prudent diet score and the following sixteen maternal and family factors: maternal prudent diet score, maternal age, maternal educational attainment, child's birth order, ethnicity of the child, sex of the child, whether the mother lived with a partner or not, household deprivation score, maternal smoking status, maternal BMI, maternal social class, child's BMI, time spent watching TV at 3 years, how many times a day the child ate (including meals, snacks, biscuits with drinks, etc), the child's nibbling behaviour and household food security. Multiple regression analysis, using the backwards elimination method, was used to identify the most important influences on the prudent diet score at 3 years. Resultant regression (b) coefficients, associated 95 % CI and t statistics were used to assess the strength of association between these factors and the prudent diet score.
Results
The characteristics of both the women and children studied are shown in Table 1 . The child's average age at interview was 3 years and 3 weeks (interquartile range 3 years and 1 week to 3 years and 6 weeks). A total of 192 (12 %) and 41 (3 %) 3-year-olds were overweight and obese, respectively, according to International Obesity Task Force cut-offs at 3 years of age (23) . Table 2 shows the coefficients ranked in order for the fifty-one food groups for the prudent diet pattern. The pattern was characterised by high intakes of fruit, vegetables, water, wholemeal bread, fish, and fruit juices, but by low intakes of white bread, crisps, chips and roast potatoes, processed meat, confectionery and cakes and biscuits.
Prudent diet score and food intake Table 3 shows the 3-year-olds grouped into quarters according to their prudent diet score. The median weekly consumption of some of the most important food groups that characterised the prudent diet pattern is shown for the 3-year-olds according to their prudent diet score. Increasing scores were associated with graded increases in the consumption of vegetables, non-citrus fruits, water, wholemeal bread and fish and shellfish, but with graded decreases in the consumption of cakes and biscuits, confectionery, processed meat, chips and roast potatoes, crisps and white bread. The differences in consumption of particular foods were large. For example, when fruit and vegetables were combined, 0·03 % of 3-year-olds with prudent diet scores in the bottom quarter of the distribution consumed fruit and vegetables five or more times a day, compared with 58 % of 3-year-olds who had scores in the top quarter (data not shown).
Associations between diet quality and maternal and family characteristics
The associations between 3-year prudent diet score and sixteen maternal and child factors were investigated. With the exception of the child's sex, significant associations were found with fifteen of these factors. Children with higher prudent diet scores were more likely to have mothers with a higher prudent diet score, who were older, had a higher level of educational attainment, were of a lower BMI, were non-smokers, living with a partner, who were white Caucasian and who were of a higher social class (all P,0·001). Higher prudent diet scores in the 3-year-olds were also associated with a lower birth order (P, 0·001), watching less TV/d (P, 0·001), living in a food-secure household (P¼0·007), eating more meals compared with nibbling (P, 0·001), eating fewer times a day (including meals, snacks, biscuits with drinks, etc) (P¼0·003), living in a less-deprived household (P, 0·001) and having a lower BMI (P¼0·035).
Since many of these factors were related, we then explored the factors which were independently associated with the 3-year prudent diet score by entering them into a multiple regression model. Table 4 shows that eight factors remained independently associated with the score, and they collectively explained 40·9 % of the variation. However, on its own, the mother's prudent diet score explained 30·5 % of the variance in the 3-year prudent diet score. This effect was strong and graded; for example, of mothers with the lowest prudent diet scores (in the lowest sixth of the distribution), 62 % had 3-year olds with low prudent diet scores (in the lowest quarter of the distribution), but only 0·05 % had 3-year-olds with high prudent diet scores (in the highest quarter of the distribution) (data not shown). The correlation between maternal and child prudent diet scores was high (r 0·55, P,0·001) such that 74 % of both the prudent diet pattern scores were within 1 SD of each other. In the multivariate analysis food security, social class, child's BMI, number of meals consumed/d (including meals, snacks, biscuits with drinks, etc), whether the mother lived with a partner or not, ethnicity and maternal age no longer had independent influences on the 3-year prudent diet score. Fig. 1 illustrates the key influences on the 3-year prudent diet score. It shows the proportion of 3-year-olds with the poorest-quality diets (with prudent diet scores in the lowest quarter of the distribution) according to maternal prudent diet score. The four graphs show the strong and graded influence of the quality of the mother's diet on the quality of the child's diet. In addition to the effects seen with maternal prudent diet score, the smaller effects of maternal educational attainment, birth order, TV watching in the child and nibbling behaviour are also shown.
Discussion
We have shown wide variation in the diets of a general population sample of 3-year-olds living in Southampton, UK. The quality of the children's diets was strongly related to a number of maternal and family characteristics, but the most important was the quality of the mother's diet. On its own, this accounted for almost a third of the variance in the quality of diet at 3 years.
Dietary patterns in the 3-year-olds
We used PCA to identify the key dietary pattern that we termed 'prudent' as it was consistent with 'prudent' and 'healthy' dietary patterns derived using factor analysis in previous studies (10, 13, 19, 24, 25) . Three-year-olds with a high score for this pattern had diets that were characterised by high intakes of fruits and vegetables, wholemeal bread, rice and pasta and fish and shellfish. Children with a low diet score had diets characterised by lower intakes of the Variance explained (%) 7·5 above foods and higher intakes of white bread, chips and roast potatoes, processed meat and crisps. The child's pattern score indicated their compliance with the pattern and we used it as an index of diet quality. In the SWS, we have previously used PCA and derived comparable dietary patterns in both the infants and women that were consistent with healthy eating recommendations (9, 13) . At 6 and 12 months, the first components derived using PCA were similarly characterised by a high frequency of consumption of vegetables and fruit (13) . Our findings are also consistent with other studies of young children outside the UK. For example, similar eating patterns which represented a measure of how healthy the diet was have been identified in Korean (26) and Spanish (24) children, using factor analysis. Using cluster analysis, Ovaskainen et al. (27) defined a 'healthy' cluster in 3-year-old Finnish children that was characterised by a high consumption of whole-grain bread and vegetables. These a posteriori methods have therefore defined 'healthy' dietary patterns that are comparable to the Revised Children's Diet Quality Index, an a priori-defined pattern based on eating recommendations, and used to assess the diets of American preschoolers. High scores for this index represented diets with higher intakes of fibre, essential fatty acids, fruits and vegetables (28) .
Family influences on 3-year-olds' diets
Better-quality diets were more common in children who had mothers with a higher prudent diet score, who had reached a higher level of educational attainment, who lived in a less-deprived area and who were of a lower BMI and non-smokers. Children who were of a lower birth order, who spent less time watching TV/d and ate more meals in comparison with nibbling throughout the day were also more likely to be consuming a more prudent diet. By far, the most important determinant of the child's diet was the quality of the mother's diet (19) . Children of mothers who had a prudent diet with high intakes of fruit, vegetables and wholemeal bread were likely to have a comparable diet at 3 years of age. Conversely, children of mothers who had diets characterised by high intakes of foods such as white bread, crisps and confectionery were more likely to have poorer-quality diets at 3 years of age. This is consistent with earlier findings in this cohort of strong associations between the maternal prudent diet pattern and a pattern showing compliance with infant feeding guidelines at 6 and 12 months of age (13) . However, the percentage variance in diet score explained by the mother's diet quality was stronger at 3 years compared with that in infancy (31 % at 3 years, compared with 24 % at 12 months) (CM Fisk, unpublished results). This might be expected as beyond infancy, as the young child grows older, its diet becomes more based on foods that are consumed by the family. Other studies have found similar associations between parents' Table 3 .
Weekly frequencies of consumption of selected foods, in quarters of the 'prudent diet' score and young children's diets (29 -35) . For example, Cooke et al. (30) found that the amount of vegetables that parents themselves reported eating was a strong predictor of their 2-6-year-old child's intake of vegetables (r 0·49, P, 0·001). A study by Vereecken et al. (34) also found that maternal consumption was a strong predictor of the intake of fruit, vegetables, soft drinks and sweets in children aged 2·5 to 7 years. These similarities in food consumption translate into correspondence in nutrient intake in parents and children. For example, Oliveria et al. (33) found a significant correlation between parents' and children's intakes for most nutrients using four sets of 3 d diet records collected over a 1-year period for mothers, fathers and their children aged 3-5 years.
Although maternal prudent diet was the strongest influence, a number of other maternal and family characteristics were found to influence the 3-year-olds' diet quality. Some of these characteristics, including educational attainment, have also been shown to influence adult diets (7 -9) . The present findings are consistent with those from the Avon Longitudinal Study of Pregnancy and Childhood, in which poorer diets in 3-year-olds, characterised by a high consumption of foods such as chocolate, sweets, chips and fried food, were more common in children who had younger mothers, who were of a lower educational attainment and who reported a greater degree of financial difficulty (10) . In the SWS, the mother's educational attainment was the most influential factor in relation to the quality of her own diet and also a strong influence on her infant's diet at 6 and 12 months (9, 13) . Although the mother's own food choices are the primary influence at 3 years of age, we have shown that educational attainment also remains an important determinant of the diet quality of her child.
We found a graded association between birth order and 3-year prudent diet score; 3-year-olds with fewer older siblings were more likely to have a diet conforming to present healthy eating recommendations. This is consistent with findings from the Avon Longitudinal Study of Pregnancy and Childhood study, which showed that children who had one or more older siblings were more likely to have a 'junk' dietary pattern compared with children who had no older siblings (10) . Having older siblings may result in the introduction of unhealthy foods, such as sugary snacks, into the home that would not have been present otherwise. SWS mothers have previously been shown to have a poorer-quality diet if they have more children in their home, and it is of concern that being part of a larger family may lead to the consumption of poorer diets in the children as well as the mother (9) . Watching less TV was also associated with better-quality diets in the 3-year-olds. Consistent with this finding, TV watching has been shown to be associated with a lower consumption of fruits and vegetables in a study by Coon et al. (36) . Strong associations have previously been found between TV watching and risk of obesity in children (37) . However, in our cross-sectional analyses, we did not find an association between the quality of the 3-year-olds' diets and child BMI.
Other factors that were related to better-quality diets in the children included living in a less-deprived area and having mothers who were of a lower BMI and nonsmokers. In line with these findings, analyses of the diets of children in the National Diet and Nutrition Survey show that children aged 1·5 -4·5 years from less-advantaged households were less likely to consume healthy foods, including fruit and salad vegetables (11) . We also found that dietary quality was related to the pattern of meal consumption throughout the day; children who consumed more meals in comparison with nibbling were more likely to have better-quality diets. A recent UK study showed an overall preference in children aged 7-8 years of age for unhealthy snacks such as sweets and crisps compared with more healthy snacks such as those containing fruit and cereal (38) . Children who nibble more may therefore be consuming a higher proportion of unhealthy foods as snacks. Since they do not eat meals as frequently, they are unlikely to be consuming foods such as vegetables that are predominantly prepared for consumption at mealtimes.
Strengths and weaknesses
We assessed diet in the 3-year-olds using an FFQ that was administered by trained research nurses. Although FFQ may be prone to bias (39) , they have been shown to describe similar dietary patterns to 1-week diet records and 24 h recalls (40) , and in adults, the prudent pattern assessed by FFQ is predictive of a number of biomarkers, including erythrocyte folate and b-carotene concentrations (19, 40) . The 1640 three-year-olds studied represented 83 % of the SWS cohort; they are from a wide range of backgrounds and had many characteristics that were comparable with the wider UK population (14, 41) . Our findings should therefore have relevance beyond Southampton. The mothers' dietary data were collected before pregnancy and maternal diet may have changed since then. However, we have previously shown the dietary patterns in SWS women to be reasonably stable over a 2-year period and we would therefore not expect their diets to have changed considerably since assessment (42) . The strength of association between mothers' and children's dietary patterns and consistency with our earlier observations in infancy suggest that dietary change would not explain the associations we observed. The method of PCA is itself subject to a number of strengths and limitations. One possible limitation is that the researcher is required to make several subjective decisions on how to group the foods and how many components to retain, although we have previously shown that prudent pattern scores based on individual foods or food groups are highly correlated (19) . An advantage of this method is that it takes into account the co-linearity of foods and yields a pattern representing combinations of foods eaten together, providing information about the whole diet.
Conclusion
We have identified a number of maternal and family characteristics that are strongly associated with diet quality in pre-school children. These may provide insights into the key influences on children's diets and may enable identification and targeting of those children who are most in need of interventions to improve their diets. The strong association found between 3-year-olds and maternal diet quality suggests that interventions that focus on improving the mother's diet may also have an effect on the child's diet quality. As eating behaviours have shown stability throughout childhood (6) and dietary patterns may track from childhood to adulthood (4, 5) , interventions to promote healthy diets and improve nutrient intake in early life may have the potential to influence the patterns of eating throughout the life course.
